Introduction
The temporal and spatial aggregation of adults during broadcast spawning facilitates concentration of gametes in the water column, which helps increase fertilization rates (Pennington 1985; Oliver and Babcock 1992; Hedgecock 1994) . Energetic investment is often placed in the number of gametes released, rather than quality (with offspring exhibiting classic Type III survivorship). As multiple parents are involved and clutch sizes are very large, the dynamics of broadcast spawning are best assessed through genetic determination of parentage.
Here, we used genetic parentage analyses to perform an intensive investigation into mating patterns and reproductive success in a broadcast spawning pelagic marine finfish in culture (e.g., Rowe et al. 2007; Rowe and Hutchings 2008) . Furthermore, we presuppose it allowed one of the most comprehensive assessments of reproductive dynamics in a relatively large breeding group of any fish that may approximate a spawning aggregation in the wild. Our study system was the white seabass (Atractoscion nobilis Ayres 1860) replenishment hatchery in Carlsbad, California, USA, where four breeding groups of 50 fish each are maintained in equal sex ratio (Bartley et al. 1995 ; see 'Supporting information' for a history and description of the program). To induce year-round spawning, water temperature and photoperiod are controlled to mimic natural seasonal conditions and offset in each pool. No hormones or strip spawning are used, and fish freely mate within their breeding group.
Very rarely does a culture program have the operational capacity to permit free mate choice. This makes the A. nobilis system unique, even in relation to well-known programs, such as those for red drum Sciaenops ocellatus (McEachron et al. 1993; Smith et al. 2003; Tringali et al. 2008) , Pacific salmonids Oncorhynchus spp. (Waples 1994; Reisenbichler et al. 2004; Thrower and Joyce 2004) , and Atlantic cod Gadus morhua (Jørstad 2004) . Beyond its general interest to those that study marine mating systems, we anchor this research in specific context by comparing knowledge gained of A. nobilis spawning to that of the closely related S. ocellatus, arguably the most comprehensively assessed sciaenid (family Sciaenidae; drums, grunts, and croakers) in terms of genetics (e.g., Gold 2004; Gold et al. 2008 Gold et al. , 2010 .
Not only was our intent to advance understanding of the complexity of broadcast spawning in a marine finfish, we also hoped to adapt hatchery management to an exploited species' mating system (e.g., Rowe and Hutchings 2003) . Genetics has become integral to stocking programs worldwide (Allendorf and Ryman 1987; Blankenship and Leber 1995; Leber 2004; Taniguchi 2004; Lorenzen et al. 2010) , and A. nobilis is one of many such species reared for conservation. The goals of the A. nobilis program remain experimental in nature, however, oriented toward assessing the economic, environmental, and biologic feasibility of replenishment, and as such, have not been formally integrated into the species' management plan (California Department of Fish and Game (CDFG), Marine Region 2002). Our associated genetics research has been focused primarily on ensuring that the fish released for replenishment do not have a significant negative impact on the natural population. Here, we asked questions that had practical application toward developing best management practices, such that brood fish are semi-representative of the wild population and stockable juveniles maintain a sufficient amount of the genetic variability available in the parental generation:
1 Who is reproducing with whom and when? Estimating the proportional contribution of parents within and among spawns will help elucidate mating patterns, strategies, and systems, enabling broodstock management (e.g., census size, sex ratio) to be tailored to a species' mode of reproduction. A lack in knowledge of captive spawning dynamics was a recognized shortcoming of the original A. nobilis plan (Bartley et al. 1995) and many others (Rowe and Hutchings 2003) . 2 What was the breeding effective size within and among spawns? Past research on S. ocellatus and A. nobilis indicated that individual spawns may have a low effective number of breeders (often less than five ; Coykendall 2005; Gold et al. 2008) , which would require close management to maintain effective size in the fish grown for release. Further, understanding the relationship between realized effective and census size may aid in optimizing broodstock census size, a critical factor in evaluating the inbreeding potential of a culture system (Duchesne and Bernatchez 2002) . 3 Can we estimate female fecundity and spawning periodicity? It was assumed A. nobilis batch spawned, with females releasing small, pelagic eggs several times during a spawning season (Moser et al. 1983; Donohoe 1997 ), but repeat spawning was never definitively documented. Because females produce tangible indicators of spawning (eggs), estimating their reproductive potential in conjunction with breeding effective size may enhance our ability to choose and manage spawns (e.g., numbers per cohort, cohort mixing) suitable for juvenile production.
Based on answers to these questions, we present a genetic management system intended to be modifiable to fit stock enhancement programs for comparable species elsewhere. As it is known that culture-based stocking can have negative fitness impacts over very few generations (e.g., Araki et al. 2007 ) that can result in a mixed population less able to respond to stochastic environmental change (Tringali and Bert 1998; Taniguchi 2004) , we also discuss the effects releasing these cultured fish might have had on the wild population.
Materials and methods

Sample collection
This study focused on one brood group of 25 males and 25 females designated 'B2' (Table 1) . Fin clips were collected from every brood fish by clipping a 1-to 2-cm 2 section of caudal fin soft rays. Yolk sac larvae (YSL) were acquired by quasi-randomly subsampling and incubating 10 mL of floating (i.e., fertilized) eggs from each broadcast spawning event that occurred in B2 in 2008. Brood fish typically spawned during a discrete time period in early to late evening, and a spawning event or 'spawn' was defined as the sum of eggs or offspring produced during a single evening. Subsampled eggs hatched into YSL within 48 h, and random subsample of 10-15 mL of 1-2 days posthatch (dph) YSL was collected. Tissue samples were preserved with 95-100% undenatured ethanol (EtOH). Additional description of the broodstock populations, spawn induction, and YSL rearing is presented in the 'Supporting information'.
Molecular methods
Genomic DNA was extracted from $50 mg of fin clip or whole YSL by boiling and centrifugation, using a 10% Chelex 100 resin (200-400 mesh) extraction buffer containing 1% Tween 20 and 1% Igepal CA-630. A panel of five A. nobilis-specific nuclear microsatellite loci (AnoA, AnoD, AnoE, AnoR, and AnoZ; Table 2 ) developed by Franklin (1997) was polymerase chain reaction (PCR) amplified on all 50 brood fish and 60 randomly chosen YSL per spawn. PCR was performed in 10 lL volumes containing 1 lL of template DNA, 2 pmol each primer, 0.25 U GoTaqÒ DNA Polymerase (Promega, Madison, WI, USA), 2 lL 5X GoTaq Ò Colorless Master Mix (1.5 mm MgCl 2 ), 1 lg bovine serum albumin (BSA) (except AnoD), and 2 lm each dNTP final concentration. Thermal cycling took place in DNA Engine (Bio-Rad Laboratories, Hercules, CA) and PE9700 (Perkin Elmer, Waltham, MA, USA) PCR machines. Conditions included an initial two-minute denaturation at 95°C, followed by 35 three-step cycles: 30-s denaturation at 95°C, 30-s annealing (48°C for AnoD and AnoZ; 54°C for AnoA and AnoE; and 58°C for AnoR), and 30-s extension at 72°C. Genotypes were generated on a 3730 DNA Analyzer (Applied Biosystems, Foster City, CA, USA) and scored using GeneMapper v4.0 software (Applied Biosystems). Samples that could not be scored were re-amplified; those that failed a second time were excluded from analyses.
Data analyses
Genetic relatedness among brood fish was estimated using ML-RELATE (Kalinowski et al. 2006) . Locus-specific statistics for the broodstock, including the number of alleles, expected and observed heterozygosity, polymorphism information content (PIC), and parental nonexclusion probability (NE), were generated with Cervus v3.0 (Kalinowski et al. 2007 ). PIC and NE were used to preliminarily gauge the power of each locus and the panel as a whole for assigning parentage. PIC was defined as the probability of identifying which homologue of a given parent was transmitted to an offspring or the probability a parent is heterozygous multiplied by the probability the offspring is informative (Botstein et al. 1980) . NE was defined as the probability of a random match between parent and offspring at a locus or one minus the probability an individual can be rejected as a candidate parent caused by a mismatch in alleles. Hardy-Weinberg equilibrium (HWE) and linkage disequilibrium (LD) among loci were evaluated using GENEPOP v4.0.10 (Rousset 2008) . Parentage analyses were also performed with Cervus, which used a combination of exclusion and likelihood ratio tests to determine the most likely candidate parents for each YSL. Default settings were used: proportion of loci typed for each spawn = 1.00, minimum number of loci required for individual assignment = 2, proportion of loci mistyped = 0.01, and error in likelihood calculations = 0.01. The confidence level for the true proportion of offspring assigned parents was set at 95% during both simulations (to assess power to assign parentage) and sample analysis. The parental combination generating the top pair confidence score for each YSL relative to critical likelihood values determined in simulations was used in further analyses.
Parameter estimates (designated throughout with a '^') of proportional parental contribution; effective number of female, male, and total breeders (N f , N m , and N b , respectively); batch, seasonal (annual), and maximum fecundity 
)1 , where N m and
k , n is the census number of males or females that contributed, and q is the proportion of offspring contributed by each male or female; Gold et al. 2008] .
Seasonal breeding effective size was also derived genetically (denotedN g b ) from LD among the entire pool of multilocus offspring genotypes (N = 4,249) under the random mating model in LDNE v1.13 (Waples and Do 2008) . The number of offspring produced per brood fish per spawn was defined as ƒ b , and ƒ s was measured as the sum of offspring produced per brood fish during the spawning season. Number of eggs kg )1 was determined using ƒ b and female body mass and age as of Jan 15, 2008, at the inception of the spawning season. Estimates of mass and age depended on known size-at-age relationships for captive and wild A. nobilis. Captive, sex-specific von Bertalanffy growth function (VBGF; von Bertalanffy 1938) curves were derived from multiple measurements of growth in 94 male and 79 female brood fish over 5-10 years (y) at the Carlsbad hatchery (M.A. Shane, HSWRI, unpublished data). VBGF curves for wild fish (Hervas et al. 2010 ) were used to estimate age prior to introduction to B2. Cyclicity was defined as the number of days (d) between serial or periodic spawns per female.
Results
Locus-specific statistics for the broodstock are presented in Table 2 . All 50 DNA samples amplified at all five loci. Number of alleles ranged from nine in AnoE and AnoR to 35 in AnoD, with an average of 17. There was marginally significant evidence for LD between AnoE and AnoR (P = 0.04; all other P > 0.14). Our power to assign parentage appeared sufficient. Each brood fish exhibited a unique multilocus genotype, and 87% (1065 of 1225) of brood fish pairs were classified as unrelated in pairwise comparisons, regardless of sex. Mean PIC was fairly high, and NE for parental pairs was low (0.830 and <0.001, respectively; Table 2 ). Simulations of 10 5 offspring derived from the broodstock genotypes predicted 100% biparental assignment at the 95% confidence level.
The photothermal regime and associated egg production for B2 are shown in Fig. 1 . Eighty-four spawns occurred between Jan 15, and Jun 11, 2008, and YSL were preserved for 71 spawns (85%); eggs were unviable for 13 spawns, and no YSL could be collected. Summed across the 71 spawns, nearly 1.8 · 10 8 eggs were produced. Hatch rates were >90%, and it was assumed there was no significant differential survival between the egg and YSL stages. Over 2 · 10 4 genotypes were generated from 4249 YSL. The loci appeared to display Mendelian inheritance in the YSL: all alleles were also present in the parental generation, and all loci were in HWE, with no evidence of homozygote deficiency or excess (all P > 0.05). The realized biparental assignment rate was 99-100% at the 95% confidence level. Eleven YSL (0-2 per spawn; <0.3%) failed to PCR amplify clearly or could not be assigned parents and were excluded from the data set.
Proportional contribution and breeding effective size
There was large variation in reproductive success within and between the sexes. Females 525 and 528 combined contributed 27% of offspring produced during the season, whereas 520, 521, and 527 did not effectively contribute. The remaining 20 females contributed 1-10% [mean ( x) = 0.04, SD (S) = 0.03] each.N d f per spawn was low ( x = 1.85, S = 1.74) but was 12.38 (95% CI of 8.59-17.73) for the spawning season. Forty-nine spawns were the result of between one and 1.5 effective female breeders, requiring a primary female to contribute to >80% of offspring; 36 spawns had a single female assigned as parent to ‡95% of offspring (1.00 £N d f £ 1.11; e.g., 15 Jan, 24 Feb, or 7 Jun; Table 3; see also Table S1A ). Occasionally, multiple females contributed more equally to a spawn (20-50% each; e.g., 22 Feb, 20 Mar, 28 Apr), but this occurred in less than one in three spawns. In contrast, all 25 males contributed 1-7% ( x = 0.04, S = 0.02; see also Table S1B) of the seasonal pool of offspring, and N 
Batch spawning patterns
The average female contributed to 10.5 (S = 5.7) spawns. Time between batch spawns was variable within and among females and ranged from 1 to 5 weeks ( x = 23.9 d, S = 15.3 d; see also Table S1A ). Cycle time depended on the particular female and her progression through the spawning season. A few females started spawning (e.g., 508, 546) or spawned more frequently (e.g., 510, 530, 550) beginning in mid-May, after the photothermal height of the season (Fig. 1) . No females terminated spawning early in the season. In contrast, males did not show temporal rhythm. Rather, most males (except 508) participated on a daily or semi-daily basis throughout the season, averaging 34.9 (S = 10.2) successful spawns (see also Table S1B ). On 33 occasions, a female released eggs over an extended period of two or more days rather than in a single mass release. These 'extended releases' were defined liberally as two consecutive daily contributions of ‡1% from a particular female. Fifteen females participated in at least one extended release, and eight of the 15 (e.g., 512, 523, 530; Table S1A) participated in two or more, accounting for 26 of the 33 releases in this category. Most extended release contributions were <10% of the total daily spawn volume, however, and overall, different primary females contributed from one evening to the next.
Batch, annual, and maximum fecundity
Spawns used in estimation of ƒ b and eggsAEkg )1 body mass were the 36 spawns where a single female was assigned as parent to ‡95% of YSL (N f % 1; Table 3 ), and ƒ s was estimated using data from all 25 females. VBGF mass and age are reported in Table 1 . Females ranged in mass from 11.7 to 18.9 kg ( x = 16.3, S = 1.8) and in age from 8.5 to 16.3 y ( x = 12.6, S = 1.9). Meanf b = 1.7 · 10 6 (S = 1.1 · 10 6 ) eggs at 1.1 · 10 5 ( x = 0.8 · 10 5 , S = 0.7 · 10 5 ) eggsAEkg )1 . Meanf s = 7.1 · 10 6 (S = 7.4 · 10 6 ) eggs, with a strong positive skew relative to medianf s = 4.4 · 10 6 . While there was a positive trend, neither body mass nor age was significantly correlated withf b (r = 0.13, P = 0.45, and r = 0.08, P = 0.64, respectively) orf s (r = 0.11, P = 0.60 and r = 0.09, P = 0.67, respectively), likely due to the limited ranges of body size and age represented in the breeding population.
There was a highly significant correlation betweenf b andf s (r = 0.85, P < 0.001), but the association was not perfect. The combination of cyclicity andf b directly affectedf s . For example, 528 and 546 both exhibited a meanf b = 1.4 · 10 6 eggs. Whereas 528 contributed 14% of offspring, 546 contributed <5%, largely because 546 had a longer period between spawns at close to a month versus nine days for 528.
A tentative estimate off m was made using data from female 528 (16.2 kg, 12.2 y), who contributed to 19 spawns, withf b = 1.4 · 10 6 eggs andf s = 25.7 · 10 6 eggs. She produced a season-high release on 7 Jun of 5.8 · 10 6 eggs at 3.6 · 10 5 kg )1 . This was the single greatest contribution for any female during this season. The result was originally doubted, but six additional spawns occurred in which an unusually large number (>3.0 · 10 6 ) of eggs were produced by a single female, including another release of 3.3 · 10 6 eggs on 6 Apr also attributed to 528. We could not truly assess sperm production capacity in this study. Male 'fecundity', or ability to reproduce, was likely dependent more on limitations external to the male (Bishop 1998; Levitan 2005) , such as proximity to a gravid female, sperm dilution, or sperm competition. Nevertheless, we estimated the equivalent of ƒ b and ƒ s , using data from all 25 males. Meanf b = 0.2 · 10 6 ( x = 0.2 · 10 6 , S = 0.1 · 10 6 ) offspring. Meanf s was the similar to but less variable than in females ( x = 7.1 · 10 6 , S = 3.2 · 10 6 ), with little skew. Male body mass and age were estimated at 12.9-15.7 kg ( x = 14.4, S = 0.7] and 11.3-15.6 y ( x = 13.3, S = 1.2), respectively. As in females, there was a significant correlation betweenf b and f s (r = 0.86, P < 0.001), but there was no correlation between mass and age andf b (r = 0.14, P = 0.50 and r = 0.13, P = 0.54, respectively) orf s (r = 0.31, P = 0.12 and r = 0.32, P = 0.13, respectively).
Discussion
The A. nobilis study system provided for a new appreciation of the complexity of seasonal broadcast spawning dynamics in a relatively large breeding aggregation of a pelagic marine finfish (albeit in a closed space). A. nobilis exhibited sex-specific mating strategies and variation in reproductive success. More males contributed and contributed more equally than females within and among spawns. We do not know whether the general pattern holds in the wild, although behavioral observation of a semi-natural A. nobilis spawning aggregation indicated that multiple males typically surround single gravid females prior to and during spawning (Aalbers and Drawbridge 2008) . This type of mating system is best described as lottery polygyny, where males mate often relative to and/or compete equally for females (Nunney 1993) . It is the same mating system assumed for the closely related, well-known, and well-studied S. ocellatus (Turner et al. 2002; Gold et al. 2010) .
Females mitigated some of the difference in reproductive success within their own sex and between the sexes by cyclically batch spawning. MeanN Gold et al. (2008) found for captive S. ocellatus, whereN d b % 2.6 per spawn, but 59% of females and 89% of males contributed at least once during 13 spawns studied (though the breeding groups were not comparable in terms of census size or sex ratio).
Repeat spawning by both sexes resulted in multiple successful pairings with multiple mates, which guards against reproductive failure for individual breeders and gives rise to genetically variable offspring, while female promiscuity has been found to decrease the risk of inbreeding at the population level (e.g., Michalczyk et al. 2011 ). In addition, multiple paternity in females may create a sperm competition, a process seen in many species of fish (Stockley et al. 1997; Taborsky 1998) , as well as other taxa, both terrestrial and aquatic (Birkhead and Møller 1992; Pearse et al. 2001; Dean et al. 2006) , whereby the female is not only ensured variability but also theoretically higher-quality offspring.
We do acknowledge a significant difference from probable natural spawning dynamics: while observed captivê N b was less than N (N b AEN )1 ‡ 0.62), the ratio may be orders of magnitude higher than that in the wild (e.g., N e AEN )1 % 0.001 for S. ocellatus in the northern Gulf of Mexico; Turner et al. 2002) . Unequal sex ratios, variance in family size, and fluctuation in population size commonly result in N e AEN )1 significantly less than one in wild populations (Frankham 1995) . In a hatchery, however, adults that may never have successfully reproduced have greater opportunity because mates are readily available, rapid dilution of gametes by turbulence is lessened, and there is no natural culling of eggs or larvae because of adverse environmental conditions or predation (minus cannibalism in culture).
Implications for management
Releasing fish for stock enhancement is often dual-purpose: sustain fishery catches and supplement natural populations as hatchery fish and their offspring breed with wild conspecifics. It follows that a common concern is loss of genetic diversity in cultured offspring relative to the wild population (Taniguchi 2003) , which can reduce the adaptive potential of a mixed hatchery and wild population over subsequent generations. Consequently, parentage data were collected not only in general pursuit of knowledge of broadcast spawning dynamics and complex mating systems, but also for its relevance to responsible management of the A. nobilis captive breeding program. Our basic assumption was that the B2 results could be extrapolated to all four A. nobilis breeding groups. Observation of spawning behavior and quantization of egg production over many years indicated no significant evidence to the contrary (K. McClune, HSWRI, unpublished data), but in the absence of multi-year among-pool parentage data, this remains a hypothesis. We also used N b = 74 as a target minimum for determination of broodstock N and juvenile production per annum (not per generation interval), as it maintained historical context for the A. nobilis system. Bartley et al. (1995) applied binomial sampling theory to conclude that N b = 74 represented at least 99% of wild genetic diversity and included rare alleles in the breeding population down to 0.02 frequency. This does constitute many fewer rare alleles than in a large population at mutation-drift equilibrium (Ryman et al. 1995; Waples and Naish 2009 ), but we must work within operational confines. Finally, we selectedN d b as a factor in determining N, despite concern that it was $25% less than that via LD. LD estimation was allele frequencybased, and LD viar 2 (used in LDNE; see also Waples 2006) may be more sensitive to genotyping error than other methods (Akey et al. 2001) .N d b was parentagebased, and while exclusion was sensitive to genotyping error, as well, in that it could not assign through candidate parent-offspring mismatches, the likelihood method in Cervus accounted for a user-defined level of error (Kalinowski et al. 2007 ). However, Cervus also assumed complete linkage equilibrium (i.e., physically unlinked loci), although AnoE and AnoR were marginally linked. In the absence of knowing which method was more accurate, the demographic estimate assuming lowerN b would be more conservative. Duchesne and Bernatchez (2002) found that captive adult census population size was the most important factor when evaluating inbreeding potential in supplemented populations (maximum tested N = 100). Assuminĝ for N b = 74 would be 120 brood fish, 40% fewer than stipulated in prior protocol (Bartley et al. 1995 ; see also Table S2 ). However, we recommend maintaining greater N in free-spawning systems (here, buffered by ‡15% at 140-200 fish), divided evenly among tanks, to account for mortality and variation in reproduction, if any, within and among fish and brood groups. Further, broodstocks are often maintained in equal sex ratio (or may even be male-biased; e.g., Gold et al. 2008 ), which does not account for the limiting effect females of lottery polygynous species have on N b . To provide opportunity for greater female contribution without making males limiting, managers might consider a sex ratio of 60% female to 40% male for enhancement of species with these mating behaviors. This equalized contributions between the sexes for A. nobilis, based on breeding effective to census size ratios (N other requirements implemented that our data do not address include 1) collecting broodstock for conservation from the wild within the evolutionarily significant unit of interest to reduce potential for outbreeding depression and 2) replacing older brood fish with new wild fish so that allele frequencies in the breeding population remain statistically representative over time (see the 'Supplemental information' for details).
Moving from broodstock to juvenile production, we wanted to give hatchery managers a tool to help decide whether to choose a spawn for culture, in addition to egg quality metrics (e.g., general appearance, size, lipid content), quantity and quality of juveniles currently in the system, remaining rearing tank capacity, and the quantity of fish already stocked in the wild that year.N Following these relationships, we developed a concept called the 'female equivalent' (fe) to quickly describe the number of females contributing to a spawn within an acceptable margin of error and without using genetics. It is estimated from a volumetric measure of the number of eggs, and the volume of eggs per fe is adaptable to the breeding group of interest, depending on female biomass, female N, and mean eggs kg )1 body mass. As A. nobilis produces $10 5 eggs kg )1 at a predetermined 585 eggs mL )1 , then 1 fe = 3 L of eggs for the B2 brood group (where N = 25 and biomass = 407 kg; Table 1 ).
To test accuracy, fe was estimated, rounded to the nearest integer for simplicity to indicate whole numbers of females, for all 71 spawns and compared toN d f (Table 3 ). The two metrics were significantly correlated (r = 0.40, P < 0.001), with a mean difference of )0.14 ( x = 0.00, S = 1.64) between corresponding pairs ofN d f and fe. Two spawns chosen for production in 2008 (Table 3 , gray rows) were both within one fe ofN d f , but eight ($11%) spawns did yield differences >1 fe, with the bulk of the error in three spawns underestimated by >5 fe; removing these three outliers increased the correlation betweenN d f and fe to 0.81 (P < 0.001). Although not optimal, it implied significant error in fe estimation was conservative, which may work in favor of a supplemented species if the true N b of stocked fish is higher than estimated.
What the fe concept could also provide was an estimate of breeding effective size (and to some extent, genetic variability) for nongeneticists. The fe can be multiplied by three for a general idea of N b for A. nobilis fe should be produced annually. We recommend culturing 28-32 fe (equalized among brood pools) to account for error in fe estimation. The cyclical nature of female spawning should ideally be addressed, as well, but repeat spawning can be difficult to identify (without genetics). External tagging and visual monitoring are being considered for A. nobilis, but in its absence, it is assumed that fe andN b are additive across spawns and brood pools.
Fitness considerations
Culture programs, especially those that release juveniles in the wild, create a myriad possible fitness effects. We touched on avoiding inbreeding and outbreeding depression, as well as the consequences of reduced genetic variability, but other hatchery-related impacts can occur, including but not limited to domestication, genetic swamping, fragmentation, competition, and disease transmission (Taniguchi 2003; Tringali et al. 2007) . We are in the midst of research into differential survival among A. nobilis culture stages, which may provide (i) insight into whether genetic variability (e.g., allelic richness, heterozygosity) can be maintained throughout the rearing process and (ii) a proxy for assessing unintentional domestication selection in a hatchery environment.
Postrelease, there was potential for profound fitness effects in the wild (Araki and Schmid 2010) . The A. nobilis replenishment program has a lengthy history: it has been in operation for nearly three decades. Fortunately, genetic considerations have been integral, with direct application of theory and research in broodstock management (Bartley et al. 1995) . Also, State regulation has prevented the program from becoming truly large-scale; less than two million fish have been released under an annual limit of 125-350 thousand juveniles. In contrast, Texas' S. ocellatus enhancement program allows releasing 20-30 million fingerlings every year (Gold et al. 2010) . As a potential result, mark-recapture research using coded-wire tags indicates <0.5% of A. nobilis caught in the fisheries are cultured (M. Shane, HSWRI, unpublished data). Higher relative mortality of hatchery juveniles in the wild likely contributes to the low recapture rates, as well, as might a large wild N, rebounding populations, etc. In fact, between a currently favorable water temperature regime in the Southern California Bight and a ban since 1994 on nearshore gillnetting of A. nobilis spawners, the natural population appears to be in recovery, suggesting historical fishery declines were because of recruitment limitations brought on by a combination of adverse fisheries managerial and environmental conditions (Allen et al. 2007) .
The above-mentioned factors make genetic swamping unlikely, but we do not truly know because it is difficult to evaluate the genetic impact(s) of this program in the wild (e.g., allelic replacement, Ryman-Laikre effect; Ryman and Laikre 1991; Tringali et al. 2007 ).N b is insufficient for estimating loss of genetic variability over time, in part because there is no straightforward relationship between N b and N e for iteroparous species (i.e., N b multiplied by the generation interval can approximate N e ; Waples 1990; e.g., Schmeller and Merilä 2007) . Even so, A. nobilis population statistics are a black box: a stock assessment was never performed, and population estimates were never made (Leet et al. 2001 ; California Department of Fish and Game (CDFG), Marine Region 2002). Consequently, we do not have estimates of wild adult N or generation interval. The only estimates of wild N e are circa 2001 from Coykendall (2005) , but no one knows what N e was at the inception of stocking or is now; the topic must be revisited in future research. Further, while A. nobilis mature in 2-4 years and fish entering the fisheries are generally ‡5 years of age, we do not know whether hatchery fish successfully reproduce in the wild. Released fish are not genetically tagged, and the large number of genetic combinations arising from a freemating culture system makes targeted genetic identification of hatchery signatures (e.g., familyprinting or mixed stock analysis; Pella and Milner 1987; Letcher and King 1999) in the F 1 or later generations computationally intensive, if not impossible.
In conclusion, A. nobilis captive breeding provided one of the best operational systems to date for an intensive study of broadcast spawning dynamics and mating strategies in a pelagic marine finfish. The data gathered then allowed us to modify broodstock and juvenile production protocols based on the species' mating system. However, while maintenance of breeding effective size was the primary focus for management in the hatchery, more research is needed in order to empirically assess the fitness impact of these cultured fish once released in the wild. Managers of new and existing stock enhancement programs must consider the availability of biologically relevant information on a species of interest if associated genetic work is to be comprehensive, addressing pre-and postrelease concerns. Ideally, wild stock structure, genetic diversity, historical and contemporary census and effective population sizes, and generation interval, as well as hatchery diversity, breeding effective size, and intended and realized contribution rates to the wild, would be known or inferable. For A. nobilis, performing a stock assessment could provide critical biologic data. In the absence of pertinent information (e.g., stock size, generation interval), the A. nobilis replenishment program (among others) cannot yet fully understand the potential genetic effects of releasing large numbers cultured juveniles on natural populations. 
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